Introduction
The physical characteristics of nanomaterials, those with a size smaller than 100 nm, are known to be substantially dependent on their size scale. The increase of interest in nanotechnology studies has been due to the incorporation of nanoparticles (NPs) into commercial available products.
Thus, the development of methods for the synthesis of NPs with a narrow size distribution, the techniques of separation and preparation of customized of engineered nanoparticles is one of the most important points of research to focus in.
By taking into account some parameters during NPs preparation, such as: time, temperature, stirring velocity and concentrations of reactants and stabilizing reagents, one can obtain the ideal distribution and morphology of these novel materials [1] .
In this regard,polymeric supports play a very important role for several reasons including, the ease of their preparation in the most appropriate physical forms (e.g., granulated, fibrous, membranes, etc.), the possibility to produce the macroporous matrices with highly developed surface area and some others. However, the immobilization of NPs on the appropriate polymeric support represents a separate task [2] and thus, the incorporation of poly-mers as support for NPs synthesis is another way to control the growth of NPs as well as preventing the NPs aggregation and their release.
Embedded NPs in polymer matrix have gained interest in the past years, because of the unique applications of the final nanocomposite materials, for example, optical, magnetic, sensors and biosensors [3] [4] [5] [6] [7] [8] [9] [10] [11] .
Several parameters of the polymeric matrices may be considered for their use on the synthesis of nanocomposites as it is discussed in the following sections.
Ion Exchange Polymers
One simple consideration of the ion exchange process is the equivalent exchange of ions between two or more ionized species located in different phases, at least one of which is an ion exchanger. The process takes place without the formation of chemical bonds by certain equilibrium between charges of ions and, in the case of polymers, functional groups.
Depending on the functional group charge, ion exchangers are called cation exchangers if they bear negative charged functional groups and carry exchangeable cations. Anion exchangers carry anions due to the positive charge of their fixed groups. Chemical interactions could be different for different polymeric and inorganic ion exchanges. However, most of the thermodynamic and kinetic approaches, as well as the practical methods and technologies are essentially the same [ 12] . Table 1 shows the most common physical and chemical parameters specific for polymeric ion exchangers.
Physical properties Chemical Properties
Physical structure and morphology Cross Linking degree
Surface Area Ionic form(functional groups)
Particle Size Ion Exchange Capacity(IEC)
Partial Volume in swollen state Type of matrix Table 1 . General Properties of Ion Exchange Materials [13] .
Probably, the first extensive investments in the development of ion exchangers and ion exchange processes were done bearing in mind the potential application for isotope separation in nuclear industry, although nowadays one of the most common applications of these materials is in water purification processes among other applications of interest as is shown in Table 2 .
Functional groups define chemical properties, by bearing on surface a negative or positive charge. Due to this fact, different dissociation properties of groups leads to a difference among strong and weak exchangers; which are recognized similar to that of strong and weak electrolytes. Table 3 shows some of the most common types of cation and anion exchangers.
Application Brief Description
Water Treatment
Preparation of pure and ultrapure deionized water Table 3 . Functional Groups in Ion Exchange Polymers [13] .
Ion exchange capacity (IEC) is the main feature of ion exchange materials. An ion exchanger can be considered as a "reservoir" containing exchangeable counterions. The counterion content, in a given amount of material, is defined essentially by the amount of fixed charges which must be compensated by the counterions and thus, is essentially constant [6, 7] .
Some facts must be considered to define IEC: availability of functional groups for exchange reaction, the macrostructure architecture, swelling degree and the size of the ions to be exchanged.
Depending on the final application of an ion exchange polymer (e.g., granulated resins), a pre-treatment stage is advised in order to obtain an enhanced and optimal exchange capacity. For cationexchanger resins an acid stage pretreatment (usually HCl 0.1 M) is the more advisable, as for the anionexchangerresin would be a basic stage pre-treatment (usually NaOH 0.1 M).
Regarding the applications of the ion exchange resins, they have been used in pharmaceutics and food industry which is determined by another advantage of these materials: while being chemically active, they are highly stable in both physical and chemical senses and, as a result, do not contaminatethe final product.
Concretely, the use of the functional ion exchange polymers as supports for the synthesis of metal nanoparticles (MNPs) and metal oxide nanoparticles (MONPs) [14] has in this sense, one most important advantage dealing with the possibility to synthesize the NPs of interest directly at the "point of use", i.e. on the supporting polymer by an "in-situ" reaction. For instance, in the case of the metal catalyst nanoparticles, this results in the formation of catalytically-active polymer-metal nanocomposites [6, 7, 15] .
Overall, this chapter focuses on the feasible application of ion exchange polymeric matrices (i.e., both cation and anion granulated exchangers resins) used as support for MNPs and MONPs synthesized by using the developed Intermatrix Synthesis (IMS) methodology [5] - [8, 10, 14, 16] . This methodology has been shown by the enhancement of the accessibility of the nanomaterial for de desirable final functionality due to the final NPs distribution. The overall combination of certain features of these matrices: cross linking degree, the different solubility in organic solvents, their stability and insolubility in water, etc. offer a wide range of possible applications and functionalities, depending on the embedded NPs nature as well of the type of polymer for a specific final use. For instance, examples of water treatment and catalysis have been presented on several publications of the authors [14, 6] .Concretely, this chapter is based on the use of these materials for the bacteria elimination on water treatment applications.
Intermatrix synthesis of metal nanoparticles
The IMS method represents one of the most efficient and simple techniques for the "in-situ" preparation of metal-polymer nanocomposites. The general principles of IMS apply to all types of polymer matrices and NPs.In general:
• Polymer molecules serve as nanoreactors and provide a confined medium for the synthesis (thus controlling particle size and distribution).
• Polymer molecules stabilize and isolate the generated NPs, thus preventing their aggregation.
In the case of ion exchange matrices, the functional groups that can immobilize metal ions and metal ion complexes are the key points for IMS because they are homogeneously distributed in the ion exchange matrix and behave as combinations of single isolated nanoreactors generating homogeneous nanocomposites.
The major part of our work in this field has been done with the polymers bearing negative charged functional groups (i.e., cation exchanger polymers containing both carboxylated and sulfonated [5, 8, 10] functional groups), which first have to be loaded with the desired metal ions (MNP precursors) followed by their chemical reduction to zero-valent state (MNPs) by using an appropriate reducing agent. Several recent publications by the authors describe the IMS of MNPs with the most favorable distribution near the surface of nanocomposite for instance for catalytic applications or for killing bacteria by a contact mecha-nism.This distribution is due to the coupling of the classical IMS methodology with the Donnan Exclusion effect (DEE) [6, 7, 9, 16] .
The polymeric matrix bears a charge due to the presence of well-dissociated functional groups. This means that a reducing agent negatively charged (e.g., brohydride BH 4 -) presents the same charge than the support, therefore they cannot penetrate inside the polymer because of the action of electrostatic repulsion. This is known as Donnan Exclusion Effect. It refers to the impossibility to penetrate deeply in a matrix when there is a coincidence between the charge of the outside ions (e.g. from the reducing agent) and the ones of the functional groups on the polymer surface. Thus, an equilibrium between ion concentration (either functional groups or from metal or reducing agent solution) and electrostatic repulsion takes place (Figure 1 ). 
Traditional and novel versions of IMS technique
The difference between the traditional and the novel version of the IMS technique developed in this study become clear after comparison of the respective reaction schemes, which can be written for the case of formation of Ag-NPs in (a) strong acidic polymers (e.g. containing sulfonated -SO 3 -functional groups)and; (b) strong basic polymers (e.g. containing quaternary ammonium -NR 4 + functional groups)as follows [6, 7] 
As it is seen from the above reactions, the main difference between (a) and (b) versions of IMS consists in the first stage of the process. In the first case, the functional groups of the polymer are loaded with the desired metal ions, while in the second case, the loading is carried out with the desired reducing ions. The second stage, in the first case, consists on the reduction of metal ions with ionic reducing agent, located in the external solution. As far as the charge sign of reducer anions coincide with that of the polymer matrix, they cannot deeply penetrate inside the polymer due to the action of the DEE and as the result, the reduction process appears to be "localized" near the surface of the polymer.
As the result, the second stage of this version permits to couple the metal-loading and the metal-reduction processes in one step. The metal loading is carried out by using external solution containing metal ions bearing the charge of the same sigh as that of the functional groups of the polymer, what does not allow them to deeply diffuse inside the polymer matrix (due to DEE process). Again, the reduction of metal ions and therefore, the formation of MNPs have to proceed near the surface of the polymer. For obvious reasons the second version of IMS technique (version b) can be classified as a sort of the symmetrical reflection of version (a) as it is shown in Figure 2 . In both versions of IMS methodologies shown, DEE plays a very important role as it appears to be responsible for the desired nonhomogeneous distribution of MNPs inside the polymeric nanocomposite. The action of this effect is observed in both cases within the second stage of IMS process (see equations 2 and 4). The following two "driving forces" acting in the opposite directions are responsible for the DEE: 1) the electric field determined by the charge of the polymer matrix and 2) the concentration of the ionic component in the external solution [17, 18] .
The first force rejects the ions of the same charge as that of the functional groups of the polymer while the second one drives these ions to move into the polymeric matrix. The first force can be hardly varied as it has a constant value determined by the ion exchange capacity of the polymer and the degree of dissociation of its functional groups. The second force can be easily varied by changing the concentration of respective component in the external solution, what has to result in the changes in the composition of the final nanocomposite (MNPs content).
The possibility to use the second approach follows from the above reaction schemes (see reactions 2 and 4). Indeed, after finishing the metal reduction (IMS version a) or the metalloading-reduction stages (IMS version b) the functional groups of the polymer appear to be converted back into the initial ionic form (Na-form in the first and Cl-form in the second case). This means that in both cases IMS reactions of MNP can be repeated without any additional pretreatment of the ion exchanger. This has to result in the accumulation of a higher amount of the metal (or MNPs) inside the polymer when the same metal precursor is used or, what is more relevant in this work, the possibility of the formation of core-shell NPs (e.g. Ag@Co-NPs, what means a Co-core coated by a Ag-shell). This approach leads to a wide range of possibilities for the applications of core-shell MNPs or MONPs [6, 7, 10, 16, [19] [20] [21] [22] . Thus, the following Figure 3 shows the range of types of MNPs and MONPs (either monometallic or core-shell bimetallic structures) synthesized by the mentioned methodology presenting different properties for the applications of interest. Among all the MNPs and MONPs possibilities, in this chapter, we focused on the synthesis and characterization (Section 3) of monocomponent NPs based on magnetite (Fe 3 O 4 ), cobalt (Co) and silver (Ag) as well as bicomponent core-shell NPs based on Ag@Fe 3 O 4 and Ag@Co. In these cases, the core is always composed of a magnetic element for its interest regarding the final application and the prevention of MNPs leaching, as it will be discussed in Section 4.
Characterization of nanocomposite materials
In order to understand the enhancement of the properties of the polymeric nanocomposites obtained by IMS technique, a proper material characterization is mandatory and it is presented in this section. The application of these novel materials is presented in later on, and deals with their bactericidal activity for water treatment application. 
The main characterization techniques for nanomaterials have been used in these systems.
X-Ray Diffraction, XRD
XRD technique was used to determine the crystalline structure of the particles. Figure 4 shows the XRD graphs of Fe 3 O 4 -NPs as a reference (synthesized by liquid phase method [24] and the sample corresponding to Fe 3 O 4 -NPs stabilized in a sulfonated polymeric matrix represented as C100E code (from Purolite S.A).
The position and relative intensity of all diffraction peaks from the Fe 3 O 4 -nanocomposite sample are in good agreement with those for the Fe 3 O 4 powder. The relative intensity is lower for the nanocomposite sample due to the "diluting" polymer effect.
Microscopy characterization
The microscopy techniques (e.g., Scanning Electron Microscopy, SEM, and Transmission Electron Microscopy, TEM) allow the characterization of both surface and inside area of the nanocomposites. For instance, the NPs metal concentration profiles, along the cross-sec-tioned polymeric beads Figure 5 ), was examined by using SEM technique coupled with En- 
3.1.3.Thermogravimetric Analysis, TGA
TGA technique is used to determine polymer degradation temperatures in polymer or composite materials [24] . Figure 6 shows the TGA curves for Fe 3 O 4 -and Ag@Fe 3 O 4 -NPs stabilized in sulfonated resin as well as the corresponding raw polymer. As seen in Figure 6 , TGA curves for all samples are characterized by four weight-loss regions, which can be described as follows:
1. The weight loss between 30 and 400ºC can be mainly attributed to adsorbed water molecules, both "free" and strongly "bound" to surface groups from the polymer and the nanoparticles, where applicable.
2.
A significant weight loss at 450ºC for all samples. This loss is particularly important for the raw polymer (NPs-free) in comparison with the NPs-modified polymers and can be associated with the loss of the functional groups including free sulfonic functionalities.
3.
A third gradual weight-loss is observed between 500ºC and 700ºC and may be attributed to the degradation of the polymer side chains. Again, this loss is less important for the nanocomposite samples.
4.
Finally, the weight changes at temperatures higher than 700ºC may be caused by further thermodegradation of the polymer, but is noteworthy that for Ag@Fe 3 O 4 -C100E and Fe 3 O 4 -C100E nanocomposites, there is weight gain, probably due to the oxidation of the magnetic material from Fe 3 O 4 to Fe 2 O 3 .
As can be seen, lines are almost parallel and only Fe 3 O 4 -C100E sample shows a quite different behaviour close to 800ºC [24] .
Magnetic characterization
As mentioned, the bicomponent core-shell NPs are based on a magnetic core which lead to obtaind magnetic properties to the nanocomposite. The characterization of the magnetic properties of the nanocomposites was preceded by using a vibrating sample magnetometer (VSM), as shown in Figure 7 by the representation of the magnetization curves of the samples when a magnetic field is applied. Also, the magnetic behavior of Fe 3 O 4 -NPs as powder structure (without polymeric support) was analysed. ), was used as polymeric matrix.
As already introduced, the synthesis of MNPs in anionic exchanger polymers is the "mirror image" methodof the traditional IMS (see Figure 2 and Eqs 3-4). Thus, for the case of the combination of the precipitation technique with the IMS for the synthesis of Fe 3 O 4 -NPs in quaternary ammonium based polymers, the use of an initial positively charged element is needed to modify the charge of the raw polymer and lead to the procedure of the synthesis.
The following equations show this synthetic procedure. Initially, the raw material was pretreated with 1.0 M trisodium citrate, ((CH 2 ) 2 COH)(COONa) 3 , to compensate the positive charge of the polymer (where cit = citrate). 
3(R'
Ag@Fe 3 O 4 -NPs were obtained after the loading with NaBH 4 followed by the use of AgNO 3 .
Schematically, Figure 8 describes the synthetic procedure. Next, the microscopy characterization and the evaluation of the magnetic properties of these materials are shown.
Microscopy characterization
As described before, SEM technique was used to evaluate the NPs distribution. Thus, Figure  9a shows the metal profile of Ag@Fe 3 O 4 -NPs stabilized on an anionexchanger polymer. By EDS ScanLine is observed that Ag and Fe co-localize in Ag@Fe 3 O 4 -nanocomposite matrix. In addition, the particles structure in the nanocomposite was analysed by TEM. Figure  9bshows a magnified TEM image of the edge of the cross sectioned area from Figure 9a with a dispersed distribution of the NPs. By these results, the wide range of systems that can be studied based on IMS technique and the success on their formation is clearly shown.
Magnetic characterization
The magnetic properties of Ag@Fe 3 O 4 -nanocomposites were determined with a Superconducting Quantum Interference Device (SQUID) and compared with those obtained by polymeric structures only containing Fe 3 O 4 -NPs. Similar magnetic hysteresis curves and saturation values were obtained when comparing both nanocomposites, suggesting that the presence of Ag did not affect the magnetic properties of the material. This was especially relevant when considering the final application of the nanocomposites, for example, for water purification.
It is generally known that Ag-NPs are much more toxic than the bulk Ag metal, limiting their application to real live environments. Thus, the possibility of collecting Ag@Fe 3 O 4 -NPs accidentally released from the polymeric matrix with a simple magnetic trap would be extremely desirable for water purification. Further studies about the use of Ag-based nanocomposites (and containing a magnetic core) for water treatment applications is detailed in the next section.
Ecological concerns regarding uncontrollable release of NPs to the environment

Environmental and safety concerns and uncontrollable release of NPs
The use of engineered nanoparticles in the environment as a consequence of the development of nanotechnology is a serious case of concern of environmental biologists worldwide. However, a few studies have already demonstrated the toxic effects of NPs on various organisms, including mammals. Nanotechnology is still in discovery phase in which novel materials are first synthesized in small scale in order to identify new properties and further applications [26] [27] [28] [29] [30] [31] .
Perception and knowledge are important parts of public understanding of nanotechnology. They can be influential for achievable benefit obtained and the possible risks and hazards.
Therefore, detail understanding of their sources, release interaction with environment, and possible risk assessment would provide a basis for safer use of engineered nNPs with minimal or no hazardous impact on environment. Thus, ecotoxicology of NPs will be closely related to their intrinsic properties as shown in Table 4 and Figure 11 . Increase surface activity, mobility, and diffusion and adsorption ability are some other effects [26] .
A further comprehension of the structure-function relationships in nanomaterials matter could lead to new protocols for nanomaterials manufacture wherein high precision, low waste methods are included [1, 32, 33] .
Some criteria could be taken into account referring to NPs release and effects study:
1. NPs effects should be scale dependent and not the same in larger scale or agglomerates. This means that effects may be quiet different to adopt specific and more appropriate regulations.
2. These differences are based on size, surface chemistry and other specific interactions depending on the scale. Thus, the same material may have different regulations through the different sizes presented.
3.
Effects must be conclusive to those products which commercialization is imminent. So, the NPs presented in the final product may be the ones, which the studies should focus on.
4.
For the novelty of some materials, data to extrapolate environmental effects are difficult to obtain; so enhanced simulation system are needed.
The wide application of engineered NPs and their entry into the environment, the study of their impact on the ecosystem and a growing concern in society regarding the possible adverse effects of manufactured nanoparticles has been raised in recent years [26] [27] [28] [29] [30] [31] [34] [35] [36] [37] [38] [39] .
Therefore, it is required to study their release, uptake, and mode of toxicity in the organisms. Furthermore, to understand the long-term effect of NPs on the ecosystem, substantial information is required regarding their persistence and bioaccumulation. Table 5 presents some of green chemistry principles could be applied to the synthesis of nanomaterials, including nanocomposites.
Safe polymer-metal nanocomposites
General Principle
Toxicological findings
Safer nanomaterials
Find the influence of morphology, functionality and other features of nanomaterials that lead to the properties of interest , avoiding and understanding whatever parameter which leads to the incorporation of toxic nature to the material.
Reduced environmental impact
Analyse degradation and routes of incorporation to the environment, looking for a design of harmless products. One possibility is avoid the use of known hazardous precursors for the nanomaterials.
Waste reduction Optimize solvent use by applying alternative purification techniques and media reactions.
Overall process safety Make use of benign precursors and solvents in the designing and enhancement of the synthesis and even suggest greener alternative procedures and reagents for existing methodologies.
Materials efficiency
Think about new strategies that incorporate raw materials in products by bottom-up strategy. Also the application of catalytic procedures to enhance selectivity and yield of the overall process.
Energy efficiency Design room temperature synthetic routes, with real time monitoring to optimize energy consumption. Table 5 . Advisable enhancements for nanomaterial synthesis methodology [1] .
The environmental safety of materials, which consist of or contain nanosize components, becomes one of the most important emerging topics of the Nanotechnology within the last few years. The main concerns dealing with the rapid development and commercialization of various nanomaterials are associated with [32, 40, 41 ]:
1. the approved higher toxicity of many nanomaterials (NMs) in comparison with their larger counterparts,
the absence of the adequate analytical techniques for detection of NMs in the environment
3. the absence of the legislation normative for permitted levels of various NMs in water and air.
In this regard the increase of the safety of NMs is of particular importance. One way to prevent risk is the development of the environmentally-safe polymer-metal nanocomposite materials that consist in a functional polymer with immobilized MNPs distributed mainly by the surface of the polymer with a higher stability to prevent release of the MNPs.
The material represents what makes them maximally accessible for the bacteria to be eliminated. Core-shell MNPs contain a superparamagnetic core coated with the functional metal shell, which provides the maximal bactericide activity. The MNPs are strongly captured in-side the polymer matrix that prevents their escape into the medium under treatment. The superparamagnetic nature of MNPs provides an additional level of the material safety as MNPs leached from the polymer matrix can be easily captured by the magnetic traps to completely prevent any post-contamination of the treated medium.
Characterization of MNPs: key factor to ensure the safety of new technologies.
Nevertheless, the lack of specific characterization techniques of environmental effects of MNPs, existing and described methodologies should be modified to obtain valid results.
Some parameters must be taken into account in order to understand the relation between NPs behaviour and their physical and chemical structure [1, 32, 37, 41, 42] .
Without detailed material physicochemical characterization, toxicity studies become difficult to interpret, and inter-comparison of studies becomes near impossible. Factors such as agglomeration state, surface chemistry, material source, preparation method, and storage take on a significance that has often been overlooked, potentially leading to inappropriate conclusions being drawn. Table 6 presents some approaches to the nanotoxicity evaluation [39, 42] .
This becomes particularly significant where hazard is dependent on structural and surface properties, as changes in these properties may lead to significant differences between the released (or basic) material, and the material people are exposed to. With no specific characterization techniques for nanotoxicity, the actual techniques are being modified and enhanced to determine and evaluate NPs effects.
Ecological safe MNPs or MONPs nanocomposites for bactericidal applications for water treatment.
Due to their relevant optical, electrical and thermal properties; Ag-NPs are being incorporated into several commercially available products such as biological and chemical sensors; as well as into bactericidal processes. The antibacterial features of Ag-NPs are one of the top topics of investigation into noble metals research.
Products as wound dressings and biomedical devices with Ag-NPs continuously release Ag in low levels that leads to protection against bacteria.
Considering the unusual properties of nanometric scale materials in contrast with those from macro counterparts, Ag-NPs are widely used for the more efficient antimicrobial activity compared with Ag + ions. The incorporation of magnetic cores to the preexisting nanocomposite materials increases the applicability of these in a macro scale for the easiest separation and the enhanced performance [43] [44] [45] [46] [47] .
Bactericidal activity test for sulfonated nanocompositescontaining Ag@Co-NPs
In general, the bactericidal activity was determined as the relationship between the number of viable bacteria before and after the treatment in percentage terms (% cell viability) at sev-eral extractions/treatment times in all the tests Eq. 12)where t f corresponds to the extraction time and t o to the initial time).
The relationship between the Ag metal content in the sulfonated polymeric matrix and its antibacterial activity was then evaluated by following both batch and flow protocols.
The capacity of the nanocomposites to inhibit bacterial proliferation was evaluated by using the Minimum Inhibitory Concentration (MIC) test as a batch protocol, by using E. Coli. MIC is definedas the concentration of an antimicrobial agent that completely inhibits the microorganisms' proliferation in the sample. [23] Parallelly, the MIC 50 corresponds to the antimicrobial concentration which inhibits just the 50%. In this case, the MIC of each material was determined by introducing an increasing amount of nanocomposite (in individual wells, from Microtiter plates with 96 wells,containing 10 5 CFU/mL of E. coli suspension in LB medium. After overnight incubation, bacterial proliferation was evaluated by measuring the optical density of each well at 550 nm (this wavelength is indicative of bacterial proliferation). The bactericidal activity of the Ag, Co and Ag@Co nanocomposites (in sulfonated polymeric granulated matrices) was determined as showin in Figure 12 In the flow method, nanocomposite-based filters containing Ag@Co-NPs or without NPs were set in a filtering column support of the experimental set-up and connected to a peristaltic pump that allowed the control of the flow rate. This set-up can operate by a single pass, when bacterial suspensions passed through the filter containing nanoparticles only once. The number of viable cells was determined at regular times. 10 3 CFU/mL of E. coli suspensions were forced to pass through the filter at a flow rate of ranging 1.0mL/min and the bactericidal activity of the material was evaluated.
Culture medium samples after passing through the column were extracted once a week under sterile conditions and the number of viable cells was determined. Figure 14 compares the % cell viability versus treatment time for sulfonated granulated material modified with Ag-or Ag@Co-NPs. Also, raw material response is shown.
The cell viability in the suspension after being treated by sulfonated nanocomposites for 60 min of continuous operation was found to decrease near to 0 %. Also, little differences between Ag and Ag@Co stabilized in different polymeric matrices are observed. It should be emphasized that, in this case, control samples showed also a decrease of % cell viability after 60 min of treatment. Therefore, these nanocomposites showed good performance and stability even under continuous operation. As it aforementioned, the Ag@Co-nanocomposites bactericidal activity was evaluated in granulated polymers. The nanocomposite showed high bactericidal activity with a cell viability close to 0 % for bacterial suspensions with an initial concentration below 10 5 CFU/mL) and only the more concentrated suspensions (over 10 5 CFU/mL) required recirculation to guarantee a complete bacterial removal. Also, the materials lifetime was tested obtaining high activities for different kinds of bacteria and applied in long term experiments. It was observed in all cases that bimetallic Ag@Co-NPs in any type of support showed higher bactericidal activity in comparison with monometallic Ag-or Co-NPs. However, the presence of Co showed high toxicity [14] .
Bacterial applications test for solfonated granulated resins containing Ag@Fe 3 O 4 nanocomposites.
Hence, the described Ag@Fe 3 O 4 -nanocomposites were tested and compared for antibacterial applications. In general, their antibacterial activity was evaluated by quantifying cell viability (% cell viability) at several extractions/treatment times after incubation with the E.coli bacteria by following the batch protocol as shown in Figure 15 . It is determined the kinetics in terms of % of cell viability per mg of Ag for the samples to compare the activity for Ag-or Ag@Fe 3 O 4 -NPs on C100E polymers. All the Ag@Fe 3 O 4 samples showed initially, a fast decrease in cell viability what corresponds to a decrease of more than the 90 % after 2.5 h of treatment.
Bactericidal applications test for ammine based nanocomposite containing Ag@Fe 3 O 4 -NPs
The capacity of the nanocomposites to inhibit bacterial proliferation was evaluated by using the MIC test [24] by using E. Coli as described before.
The MIC of both Ag-and Ag@Fe 3 O 4 -A520E was determined and compared with that obtained by the raw material without NPs or containing Fe 3 O 4 -NPs as shown in Figure 16 . This result indicated that Ag-NPs were responsible of the bactericidal activity recorded and it was not affected by the presence of magnetite. 
Conclusions
The following conclusions could be derived from the results and discussion shown in this chapter.
• It was shown that the Intermatrix Synthesis (IMS) method is applicable to all the ion-exchange materials tested and useful to any kind of NPs composition since, also, the coupling of the IMS with the co-precipitation technique was succeed to obtain magnetitebased nanocomposites.
• IMS methodology coupling with Donnan Exclusion Effect was observed for the NPs structures synthesized on the ion exchange polymers. All NPs were highly stabilized on the surface of the polymer and showed magnetic properties what allows their recovery by applying a magnetic trap.
• Also, the development of the IMS route to the synthesis of NPs on anion exchanger polymers was obtained showing comparable results than the materials formed by using cationexchangers.
• The rapid growth of interest in engineered NPs has presented many challenges for ecotoxicology, not least being the effort required to analyse and understand the NPs themselves.
• Given the importance of potable water to people, it is a clear need for the development of innovative new technologies and materials whereby challenges associated with the provision of safe potable water can be addressed.
• Ag@Co and Ag@Fe 3 O 4 -NPs stabilized in both anion and cationexchanger polymeric resins were applied for the water purification against E.coli bacteria suspensions. Both NPs structure showed high bactericidal activity being, however, less citotoxic the materials containing Fe 3 O 4 -NPs.
• Thus, an efficient material based on Ag@Fe 3 O 4 -NPs stabilized in anion and cation exchanger polymeric resins was obtained for water treatment applications by showing high bactericide activity as well as low citotoxity for animal cells.
